Numerous studies have revealed atypical face processing in autism spectrum disorders (ASD) characterized by social interaction and communication difficulties. This study investigated sensitivity to face-likeness in ASD. In Experiment 1, we found a strong positive correlation between the face-likeness ratings of non-face objects in the ASD (11-19 years old) and the typically developing (TD) group (9-21 years old). In Experiment 2 (the scalp-recorded event-related potential experiment), the participants of both groups (ASD, 12-19 years old; TD, 12-18 years old) exhibited an enhanced face-sensitive N170 amplitude to a face-like object. Whereas the TD adolescents showed an enhanced N170 during the face-likeness judgements, adolescents with ASD did not. Thus, both individuals with ASD and TD individuals have a perceptual and neural sensitivity to face-like features in objects. When required to process face-like features, a face-related brain system reacts more strongly in TD individuals but not in individuals with ASD.
B
ecause faces convey rich social information such as facial identity, gaze direction, and facial expression 1 , the ability to detect faces is crucial for social animals. In humans, even newborns preferentially look at face-like stimuli [2] [3] [4] , suggesting the existence of an innate face detection ability. This face detection sensitivity has been observed also in adults 5, 6 . This innate preference for face-like features leads to a specialization of face processing 7 , which is essential for adequate social interactions. The configuration of the elements is thought to be important for this preferential bias (e.g. two elements in the upper half and one in the bottom half of an object) 7 . For example, identifying the existence of two eyes and one mouth in objects seems to be crucial for perceiving faces in these objects 8 . Humans often erroneously perceive faces in non-face objects that have face-like features (e.g. the famous rock on Mars that looks like a face 9 ) and in random visual noise 10 . Some have argued that this kind of error occurs because humans are hard-wired to detect faces and that we even unconsciously try to see faces [11] [12] [13] . From an evolutionary perspective, the tendency to perceive faces in non-face objects might have adaptive consequences, because they might aid in detecting faces in the environment 13 ; this tendency might lead to successful survival in our social system.
Although direct empirical evidence is scarce (Akechi & Hietanen, submitted for publication), social motivation might be related to a tendency to perceive faces in objects 14 and it might be diminished in individuals with autism spectrum disorder (ASD) 14, 15 . ASD is a developmental disorder characterized by social interaction and communication difficulties 16 . Observational studies have shown that children with ASD and those later diagnosed with ASD look at others' faces less frequently [17] [18] [19] . Moreover, typically developing (TD) children attended to faces preferentially, but children with ASD did not 20 . These studies suggest atypical face processing in ASD. However, other observational studies failed to find between-groups differences in response to others' faces [21] [22] [23] [24] . A recent systematic review showed that facial recognition ability is not qualitatively atypical in individuals with ASD 25 . In addition, scalp-recorded event-related potential (ERP) studies have revealed that the N170, a face-sensitive negative component at the posterior temporal regions that peaks approximately 170 ms from stimulus onset and is larger for faces than for other objects 26 , is larger in response to faces also for those with ASD [27] [28] [29] . However, the N170 latency in response to inverted faces is longer than that to upright faces for TD individuals, but not for individuals with ASD 27, 29 . Thus, although TD individuals and those with ASD use the same cortical pathway to process facial information, between-groups differences might exist in the manner in which facial information is processed. In brain imaging studies, atypical but not fully impaired face processing has been observed in individuals with ASD 30 . It has been hypothesized that a diminished interest in others might result in a lack of OPEN SUBJECT AREAS: PSYCHOLOGY NEUROPHYSIOLOGY preferential attention to others. As a result, face processing and social skills might not develop typically 7, 14, 15 . As mentioned above, such social interests, which might be diminished in individuals with ASD, might be related to the tendency to perceive faces in objects 14 (Akechi & Hietanen, submitted for publication). Additionally, it has been proposed that the sensitivity to face-like stimuli [2] [3] [4] is important for the typical development of face processing 7 . Therefore, a sensitivity to face-like stimuli might be reduced for those individuals with ASD who show atypical face processing.
Despite its potential importance, it is not well known whether individuals with ASD have the sensitivity to the face-likeness of objects. Brain imaging and electrophysiological studies of TD individuals have shown activation in the fusiform face area (FFA) [31] [32] [33] and the superior temporal sulcus (STS) 34 in response to ambiguous stimuli perceived as faces. Importantly, the FFA and STS are candidate sources of the N170 component of the ERP 35 . Additionally, facelike objects (FLOs) 36 , schematic faces 37 , monochrome Mooney faces 38 , and Arcimboldo paintings 39 , which are not actually faces but are perceived as faces, elicit larger N170s than non-FLOs. Moreover, the N170 is larger in response to stimuli judged as faces by TD observers 40 . Therefore, the N170 could be used as a sensitive measure of whether the observer perceives a face in an object. Although individuals with ASD detect faces in degraded monochrome images less frequently 41, 42 , currently, it is unclear whether individuals with ASD have a sensitivity to face-likeness and perceive faces in objects as do TD individuals.
To investigate whether individuals with ASD have an intact sensitivity to face-likeness, we conducted an evaluative rating experiment (Experiment 1) and an ERP experiment (Experiment 2). In Experiment 1, adolescents with ASD and TD adolescents rated how face-like the objects were (i.e. they detected faces in the objects). Because individuals with ASD exhibit differences in neural responses to faces even when the behavioural response is similar to TD individuals 43 , Experiment 2 was conducted to investigate the neural and behavioural responses to the face-likeness of objects for those with ASD. In Experiment 2, the average N170 amplitudes in response to FLOs and non-FLOs were measured during the time when the participants made face-likeness or roundness judgements of the stimuli. We expected to observe a different pattern in the face-likeness ratings between the participants with ASD and the TD participants. In the ERP experiment, we hypothesized the FLOs would elicit a larger N170 component than the non-FLOs (i.e. we expected to observe a face-likeness effect) in the TD group, as in a previous study 36 . We hypothesized this face-likeness effect would be absent in the ASD group. Additionally, we predicted that the N170 would be larger during the face-likeness judgments than during the roundness judgment in the TD individuals because FFA activation was enhanced when the participants were instructed to detect a face compared to when they were instructed to detect a house 44 . In TD individuals, the N170 amplitude is also enhanced for attended over unattended faces 45 . Because of the reported general atypicality in top-down modulation 46 as well as atypical attentional modulation on N170 47 in individuals with ASD, we predicted they would not exhibit this difference.
Results
Experiment 1: evaluative rating. On the mean rating scores for facelikeness, roundness, likability, and intensity of smile, t-tests revealed no significant differences between the ASD and TD groups (Table 1; all ts , 1.30, ps . .203). This suggests that adolescents with ASD have a similar sensitivity to the face-likeness of objects as do TD adolescents. In order to investigate how similar the face-likeness rating was between the two groups, the correlation of the mean face-likeness score for each object between the groups was investigated. The results showed a highly positive correlation (r 5 .87, p , .001), indicating that the objects that were rated as highly face-like by TD adolescents were also rated so by adolescents with ASD ( Figure 1 ). On the N170 latency, there was a significant main effect of electrode site (F (1, 27) 5 5.02, p 5 .033, g p 2 5 .16), with a faster N170 peak at P8 (M 5 167.3 ms, SEM 5 3.0) than at P7 (M 5 176.7 ms, SEM 5 3.7). Other effects were not significant (all ps . .05).
The N170 amplitudes were larger at P7 than at P8. The N170 amplitudes had a negative value only in the TD participants. The N170 is usually larger at P8 than at P7, has a negative value in response to face stimuli, and a positive value in response to non-face stimuli; this is true for both TD individuals and individuals with ASD 27, 29 . The opposite laterality and relatively small N170 amplitudes found here might suggest that the effect of FLOs on the activation of face-related brain regions (e.g. the FFA) were smaller than that of an actual face.
Discussion
We investigated the behavioural response and scalp-recorded ERPs to the face-likeness of objects in adolescents with ASD and TD adolescents, using FLOs and non-FLOs as stimuli. We observed a similar pattern of face-likeness ratings and face-sensitive cortical responses (i.e. the N170 amplitude) to the FLOs for the adolescents with ASD and the TD adolescents, and an enhanced N170 amplitude during the face-likeness judgement only for the TD adolescents. In Experiment 1, there was no group difference in the scores for any of the ratings (i.e. face-likeness, roundness, likability, and intensity of smile). This suggests that adolescents with ASD have a sensitivity to the face-likeness of objects, prefer FLOs in the same way as the TD adolescents, and decode the facial expressions of the non-face objects. The lack of group difference in the roundness rating eliminates the possibility that the ASD group simply gave high scores for all of their object ratings. Additionally and importantly, the objects rated as highly face-like by the TD adolescents were also rated so by the adolescents with ASD, suggesting that the two groups have similar criteria for face-likeness; both adolescents with ASD and TD adolescents perceive faces in objects.
In Experiment 2, both adolescents with ASD and TD adolescents showed an enhanced N170 amplitude in response to the FLOs. For the TD adolescents, an enhanced N170 amplitude was observed in response to the objects during the face-likeness judgement. In contrast, for the adolescents with ASD, an N170 amplitude in response to the object was not different during the face-likeness judgement and the roundness judgement. Because an enhanced N170 amplitude occurs when an observer perceives faces in non-face objects 40 , the results suggest that both the adolescents with ASD and the TD adolescents perceived faces in the FLOs. The absence of task modulation on the N170 amplitudes in the adolescents with ASD suggests atypical top-down modulation. Combined with the results of Experiment 1, we conclude that adolescents with ASD and the TD adolescents both have a sensitivity to face-likeness. Moreover, for the TD adolescents but not the adolescents with ASD, the face-related brain areas become more sensitive and react more strongly to all objects when they are required to process face-likeness information.
First, contrary to our a priori prediction, the adolescents with ASD and the TD adolescents showed highly similar face-likeness ratings (Experiment 1) and judgements (Experiment 2), suggesting that both groups perceive faces in non-face objects. Some argue that the tendency to perceive faces in objects is hard-wired in our brain [11] [12] [13] , because finding other's faces in the environment is important for humans and the cost of perceiving faces in non-face objects erroneously might be smaller than that associated with failing to detect other's face 13 . The present behavioural results suggest that this evolutionary-conserved perceptual tendency is spared in those with ASD. For TD individuals, this tendency is also related to social motivation, especially motivation to interact with other individuals (Akechi & Hietanen, submitted for publication); individuals who give higher face-like ratings to FLOs show a stronger motivation for social contact measured by a questionnaire. A lack of social motivation or a reduced salience of social stimuli in individuals with ASD might decrease the orienting response to other individuals and decrease social learning opportunities, and the result may be the atypical development of face processing and social cognition/skills 14, 15, 48, 49 . The present results are not consistent with this view. One possible explanation is that social motivation is not reduced in ASD or is reduced only in early age. Because we did not directly measure social motivation here, a study investigating the sensitivity to perceive faces in objects, social motivation, and the link between these two variables in ASD might be beneficial.
Second, again contrary to our a priori hypothesis, in Experiment 2, for both adolescents with ASD and TD adolescents, the N170 amplitudes in response to the FLOs was larger than in response to the nonFLOs (i.e. a face-likeness effect). This face-likeness effect on the N170 amplitudes might be the neural correlate of the sensitivity to perceive faces in objects, because the N170 amplitudes were larger in response to non-face stimuli that are perceived as faces [36] [37] [38] [39] [40] . Note that although familiarity might have been different between the FLOs and nonFLOs in Experiment 2, there is evidence that familiarity of facial stimuli does not affect the N170 amplitudes in individuals with ASD as well as TD individuals 50 . Therefore, such a possible familiarity difference might not account for the result of the N170 in this study. The previous ERP studies of ASD demonstrated that individuals with ASD show a larger N170 component in response to faces compared to other objects [27] [28] [29] , suggesting that they form a visual representation of a face in a same way as the TD individuals 51 . Additionally, individuals with ASD have a qualitatively typical ability to encode facial identity 25 . Therefore, the present ERP results extends such a notion by suggesting that individuals with ASD have an intact ability to form the visual representation of faces even from non-face objects having face-like features.
In Experiment 2, the N170 was larger for both FLOs and nonFLOs during the face-likeness judgement than during the roundness judgement for the TD adolescents but not the adolescents with ASD. This suggests that, in TD individuals, face-sensitive brain areas begin to respond more strongly to all objects when they are required to process the face-likeness of the objects. Because the N170 is enhanced when the observer perceives faces 40 , the present finding suggests that the TD individuals perceived faces more frequently in the FLOs and the non-FLOs when they were required to process the face-likeness of the objects. This modulatory effect might be mediated by the FFA, a candidate source of the N170 35 , and functional connection between the FFA and prefrontal or parietal cortex. There is greater activation of the FFA in response to noise images when the participant is instructed to detect faces than when instructed to detect houses in pure noise images, even for an individual with face-recognition impairments (i.e. prosopagnosia) 44 . Functional connections between the medial parietal cortex and the FFA were found only when the observer perceived a face in a degraded image after seeing an undegraded version of the same image 33 , suggesting that top-down modulation enables us to perceive faces in ambiguous images. A behavioural study showed that enhanced face detection in a degraded image after seeing an undegraded image was absent in individuals with ASD 42 . Additionally, a functional magnetic resonance imaging study showed an absence of attentional modulation of the FFA activation in response to faces in individuals with ASD 52 . Moreover, a lack of attentional modulation of N170 amplitudes in individuals with ASD was also reported 47 . Thus, the absence of the task effect on the N170 amplitudes in adolescents with ASD suggests that top-down modulation is atypical in them, and this might be caused by atypical functional connectivity between the FFA and other brain areas 53 . Perhaps, such atypical top-down modulation might prevent the N170 increase and the FFA activation, which are related to face perception, when they need to detect faces. Therefore, they might find faces less frequently in an environment, where faces are sometimes less visible and the face-related brain system should be more susceptible to subtle face configurations, and this could result in less frequent looking behaviour toward faces [17] [18] [19] and less eye contact 16, 54 that are widely reported and diagnostic features of ASD.
In conclusion, in the present study, when the adolescents with ASD and the TD adolescents were compared, similarities and differences in the patterns of processing the face-likeness of objects were found. Here, the adolescents with ASD extracted the face-likeness of the objects in a similar way as the TD adolescents, and they also showed an enhanced face-sensitive cortical response to face-like objects, but they did not show the modulatory effect of task (i.e. a face-likeness judgement) on the face-sensitive cortical response. This suggests that the two groups use the neural pathway involved in face processing to respond to objects having face-like features, and that the readiness to process face-like features enhances the face-sensitive neural responses to all objects in TD individuals but not in individuals with ASD. In future studies, investigating other potential factors, such as social motivation, that might influence the behavioural and neural response to face-likeness would help provide a better understanding of how and why face processing and its development are different between individuals with ASD and TD individuals.
Methods
Participants. Sixteen adolescents with ASD (4 females) and 25 TD adolescents (10 females) participated in Experiment 1 (Table 3 ; 9-21 years old; IQ, 64-124). Fifteen adolescents with ASD (1 female) and 14 TD adolescents (2 females) participated in Experiment 2 (12-19 years old; IQ, 73-124) of which 7 adolescents with ASD and 4 TD adolescents participated in Experiment 1. Experiment 2 was conducted 1 year after Experiment 1. Participants with ASD had been previously diagnosed by at least one child psychiatrist or pediatrician according to DSM-IV 16 . The participants' parents all completed the Japanese version of the Social Communication Questionnaire (SCQ) 55 to corroborate their clinical presentation. All participants with ASD above the cut-off point (15) . The SCQ is a 40-item rating scale and its content is based on that of the ADI-R 56 which is a standardized parent interview, and the agreement between SCQ and ADI-R scores is high 57 . An abbreviated version of the Japanese Wechsler Intelligence Scale for Children-III (WISC-III) 58, 59 or Wechsler Adults Intelligence Scale-Revised (WAIS-R) 60, 61 was administered to all of the participants to measure their IQ (the WISC-III for those less than 16.9 years old and the WAIS-R for those greater than 16.9 years old). There were no significant group differences in IQ, chronological age, or sex ratio in Experiments 1 and 2 (all ps . .05). All the participants had normal or corrected-to-normal visual acuity. Written informed consent was obtained from all the participants and their parents. This study was approved by the Research Ethics Committee of the University of Tokyo.
Apparatus, stimuli, and procedure. In Experiment 1, stimulus presentation and data collection were done on a laptop PC using E-Prime software (Psychology Software Tools; PST, Inc., Pittsburgh, PA). Before the experiment, 73 candidate objects (from ''Faces'' book 62 , which depicts objects with elements arranged in face-like patterns) were rated on an 8-point Likert scale by eight adults (1 5 non-face-like, 8 5 face-like; M 5 4.2, SD 5 1.3) and 30 objects were chosen equally from low to high face-likeness (M 5 4.0, SD 5 1.4, range 1.5-6.5). The participants were seated approximately 60 cm from the monitor. In each block, the greyscale photographs (9.0u high and 6.9u wide) of the 30 objects were presented in random order. There were two practice trials in each block. In each trial, the stimulus was presented until a response was given. The intertrial interval (ITI) was 200 ms. In the first block, participants were asked to rate the ''face-likeness'' of the objects by using a 4-point Likert scale (1 5 non-face-like, 4 5 face-like) and press the corresponding key. Next, they rated the ''roundness,'' ''likability,'' and ''intensity of smile'' of each object. The stimuli were presented once in each block, with a total of four blocks. Thus, there were 120 test trials in total.
In Experiment 2, stimulus presentation and data collection were done on a desktop PC with a 17-inch CRT monitor by using E-Prime software (PST, Inc.). The participants were seated approximately 100 cm away from the monitor. The fixation point, consisting of a central cross that subtended at 0.6u, appeared at the centre of the screen; the participants were instructed to fixate on this point before the experiment began. Photographs of 16 face-like objects (FLOs; chosen from 43 objects that were prerated and not used in Experiment 1) 62 , and comparable 16 non-FLOs (collected from an online catalogue with permission) were used (see Supplementary Information). Luminance and contrast values did not significantly differ between the FLOs and non-FLOs. Before the experiment, 10 adults rated the ''face-likeness'' of the test stimuli by using a 4-point Likert scale (1 5 non-face-like, 4 5 face-like). The FLOs (M 5 2.89, SD 5 0.57) were rated as more face-like than the non-FLOs (M 5 1.10, SD 5 0.12; p , .001). All the photographs were in greyscale (7.7u high and 6.0u wide).
Each trial started with the presentation of a fixation point. In each trial, the fixation point was replaced after 750 ms with the test stimulus. The participants were asked to judge whether the stimulus was face-like/round or not and press the corresponding mouse button (i.e. two-alternative forced choice). The test stimulus was presented until a response was given. The ITI was randomized between 200 and 400 ms. There were two face-likeness and two roundness judgment blocks. Before each of the two test blocks, there was one practice block. The face-likeness judgment task was conducted in the first half of the experiment for approximately half of the participants (ASD, N 5 8; TD, N 5 7) and vice versa. The practice block consisted of eight trials (randomly selected from 32 possible test trials; 16 FLOs and 16 non-FLOs trials) and was repeated if the participants had not learned the task yet (once for a participant with ASD and twice for another participant with ASD). There was no group difference on the number of the repeat (p . .05). Each test block consisted of 64 trials. Each of the test stimuli was presented eight times (twice in each test block). The experiment consisted of 256 test trials and the practice trials. The presentation order of each trial was randomized in each block, and the correspondence between the buttons (left/ right) and the judgment (face-like/non-face-like or round/not-round) for each task was counterbalanced across the participants.
Electroencephalography recordings. The scalp electroencephalogram (EEG) was recorded using Ag/AgCl electrode caps (Neuroscan, Inc., Charlotte, NC) at 16 scalp electrode sites (F3, Fz, F4, C3, Cz, C4, P3, Pz, P4, O1, Oz, O2, T7, T8, P7, and P8), as well as the left and right earlobes (A1 and A2) and the nose electrode, according to the international 10-20 system. Recordings were referenced to the electrode located between Cz and CPz and then re-referenced offline to the nose electrode. The horizontal electro-oculogram (EOG) was recorded at the outer canthi of both eyes, and the vertical EOG was recorded from electrodes placed below and above the left eye. Electrode impedance was kept below 10 kV. The EEG and EOG were recorded and analyzed using the NeuroScan scan system with SynAmps2 (Neuroscan, Inc.) for 400 ms following stimulus onset, with a 100-ms prestimulus baseline and a bandpass of 0.1-30 Hz. The sampling rate was 500 Hz.
Data analysis. In Experiment 2, the practice trials were excluded from the analysis. The mean proportion of face-likeness and roundness responses to the FLOs and the non-FLOs were analyzed using a two-way analysis of variance (ANOVA) with group (ASD, TD) as the between-participants factor and face-likeness (FLO, non-FLO) as the within-participant factor. Trials were rejected from the ERP analysis if any EEG or EOG amplitude exceeded 6 75 mV. The number of the trials included in the analysis did not differ between conditions and groups (Table 2 ; all ps . .05). The average rejection rate for the ASD group was 16.95% and that for the TD group was 16.85%. The peak amplitudes and latencies of the N170 were measured and manually identified between 140 and 240 ms at P7 and P8. The mean N170 amplitudes and latencies were analyzed using a four-way ANOVA with group (ASD, TD) as the between-participants factor and face-likeness (FLO, non-FLO), task (face-likeness, roundness), and electrode site (P7, P8) as the within-participant factors. Because the N170 peaks were less clear for the ASD group (see Figure 2 ), Levene's test was used to examine homogeneity of inter-individual variability in N170 peak latency for the ASD and TD groups; there was no group difference in any condition (all ps . .05). To investigate this point further, we also checked whether N170 latency correlated with age, IQ, or SCQ score in the ASD group; there was no significant correlation (all ps . .05). In addition, since both age-range and IQ-range were large in both groups, we examined whether N170 amplitude and latency correlated with age or IQ across groups; there was no significant correlation (all ps . .05). 
